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57 ABSTRACT

A shift control method for a vehicle with a Dual Clutch
Transmission (DCT) may include determining whether
power-on up-shifting has been initiated, performing torque
handover control by controlling release-side and engage-
side clutches by repeatedly calculating control torques of the
release-side clutch and the engage-side clutch over time,
when the power-on up-shifting is started and a torque
handover period is entered, determining whether tip-out is
generated during the performing of torque handover control,
obtaining a remaining updating time by recalculating a
remaining time until the end of the torque handover period
in accordance with a decrease in engine torque, when it is
determined that tip-out has been generated, and controlling
the release-side and the engage-side clutches on the basis of
the control torques for the release-side and the engage-side
clutches that are made different in accordance with the
calculated remaining updating time during a remaining
torque handover period.

7 Claims, 2 Drawing Sheets
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1
SHIFT CONTROL METHOD FOR VEHICLE
WITH DCT

CROSS REFERENCE TO RELATED
APPLICATION

The present application claims priority to Korean Patent
Application Number 10-2014-0159212 filed Nov. 14, 2014,
the entire contents of which is incorporated herein for all
purposes by this reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to a shift control
method for a vehicle with a DCT, and, more particularly, to
a shift control method when a driver releases an accelerator
pedal while shifting to an upper gear with the accelerator
pedal pressed down.

2. Description of Related Art

A DCT (Dual Clutch Transmission) is a device that uses
a synchro-mesh type of shifting mechanism, which is used
in the existing manual transmissions; receives power
through different input shafts with two clutches; and auto-
matically shifts.

ADCT has no specific part for absorbing a shock that may
be generated in shifting, like the torque converter of the
existing automatic transmissions; so it is required to prevent
shock and vibration by more accurately controlling shifting
for more detailed conditions in automatic shifting.

In tip-out due to a sudden release of an accelerator pedal
during power-on up-shifting in which the driver shifts to an
upper gear with an accelerator pedal pressed down, engine
torque rapidly decreases due to sudden release of the accel-
erator pedal by the driver, so shock and vibration are
generated unless appropriate shift control to account for the
rapid torque change is performed.

The information disclosed in this Background of the
Invention section is only for enhancement of understanding
of'the general background of the invention and should not be
taken as an acknowledgement or any form of suggestion that
this information forms the prior art already known to a
person skilled in the art.

BRIEF SUMMARY

Various aspects of the present invention are directed to
providing a shift control method for a vehicle with a Dual
Clutch Transmission (DCT) that can improve the commer-
cial value of a vehicle with a DCT by achieving appropriate
shifting without shock and vibration, even if the torque of an
engine rapidly decreases due to tip-out due to a sudden
release of an accelerator pedal during power-on up-shifting
in which the driver shifts to an upper gear with the accel-
erator pedal pressed down in a vehicle with a DCT.

According to various aspects of the present invention, a
shift control method for a vehicle with a DCT may include
determining, by a controller, whether power-on up-shifting
has been initiated, performing, by the controller, torque
handover control by controlling a release-side clutch and an
engage-side clutch by repeatedly calculating control torques
of the release-side clutch and the engage-side clutch over
time, when the power-on up-shifting is started and a torque
handover period is entered, determining, by the controller,
whether tip-out is generated during the performing of torque
handover control, obtaining, by the controller, a remaining
updating time by recalculating a remaining time until the
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end of the torque handover period in accordance with a
decrease in engine torque, when it is determined that tip-out
has been generated in the determining of whether tip-out is
generated, and controlling, by the controller, the release-side
clutch and the engage-side clutch on the basis of the control
torques for the release-side clutch and the engage-side clutch
that are made different in accordance with the calculated
remaining updating time during a remaining torque han-
dover period.

In the performing of torque handover control, the control
torques of the release-side clutch and the engage-side clutch
may be obtained by adding a difference to control torques in
a previous control cycle, in which the difference may be
obtained by dividing a change in remaining control torque to
be changed by a remaining time until the end of the torque
handover period, in which the remaining time until the end
of the torque handover period may be obtained by subtract-
ing a phase-lapsed time, which is a current elapsed time of
the torque handover period from a basic phase objective-
time calculated when the torque handover period is first
entered, and the change in the remaining control torque may
be obtained by subtracting the control torque in the previous
control cycle from a basic objective torque calculated when
the torque handover period is first entered.

In the controlling of the release-side clutch and the
engage-side clutch, the remaining updating time may be
obtained by subtracting an updating objective-torque of the
release-side clutch from the control torque of the release-
side clutch in the previous control cycle and then dividing a
result obtained from the subtraction by an inclination of the
control torque of the release-side clutch that providing a
possibility to prevent a shock due to a decrease in engine
torque by tip-out, in which the updating objective-torque is
set to prevent a shock due to the decrease in engine torque
due to tip-out.

The updating objective-torque may be calculated on a
basis of a tendency of a decrease in engine torque due to the
tip-out of an engine and a map determined by repeated
testing on control torques of the release-side clutch and the
engage-side clutch at a level of preventing a shock due to the
decrease in the engine torque, and the inclination of the
control torque of the release-side clutch that provides a
possibility to prevent a shock due to the decrease in the
engine torque by the tip-out is calculated from a map
determined by repeated testing in accordance with a number
of revolutions of the engine and an objective gear to shift to.

The controlling of the release-side clutch and the engage-
side clutch may include obtaining a new updating phase
objective-time by adding up the remaining updating time
calculated in the obtaining of a remaining updating time and
the phase-lapsed time that is the current elapsed time of the
torque handover period, and comparing the updating phase
objective-time calculated in the obtaining of the new updat-
ing phase objective-time with the basic phase objective-time
calculated when the torque handover period is first entered,
in which as the result of the comparing of the updating phase
objective-time with the basic phase objective-time, different
control torques are obtained for the release-side clutch and
the engage-side clutch in accordance with whether the
updating phase objective-time is equal to or less than, or
whether the updating phase objective-time is more than the
basic phase objective-time.

As the result of the comparing of the updating phase
objective-time with the basic phase objective-time, when the
updating phase objective-time is equal to or less than the
basic phase objective-time, the control torques for control-
ling the release-side clutch and the engage-side clutch may
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be obtained by adding a difference to the control torques in
the previous control cycle, in which the difference is
obtained by dividing the change in the remaining control
torque to be changed by the remaining time until the end of
the torque handover period, in which the remaining time
until the end of the torque handover period may be obtained
by subtracting the phase-lapsed time that is the current
elapsed time of the torque handover period from the updat-
ing phase objective-time calculated in the obtaining of a new
updating phase objective-time, and the change in the
remaining control torque may be obtained by subtracting the
control torque in the previous control cycle from the updat-
ing objective-torque.

As the result of the comparing of the updating phase
objective-time with the basic phase objective-time, when the
updating phase objective-time is more than the basic phase
objective-time, the control torques for controlling the
release-side clutch and the engage-side clutch may be
obtained by adding a difference to the control torques in the
previous control cycle, in which the difference is obtained by
dividing the change in the remaining control torque to be
changed by the remaining time until the end of the torque
handover period, in which the remaining time until the end
of the torque handover period may be obtained by subtract-
ing the phase-lapsed time that is the current elapsed time of
the torque handover period from the basic phase objective-
time calculated when the torque handover period is first
entered, and the change in the remaining control torque may
be obtained by subtracting the control torque in the previous
control cycle from the updating objective-torque.

According to the present invention, it is possible to
improve the commercial value of a vehicle with a DCT by
achieving appropriate shifting without shock and vibration,
even if the torque of an engine rapidly decreases due to
tip-out that is generated when a driver suddenly releases an
accelerator pedal during power-on up-shifting in which the
driver shifts to an upper gear with the accelerator pedal
pressed down in a vehicle with a DCT.

It is understood that the term “vehicle” or “vehicular” or
other similar terms as used herein is inclusive of motor
vehicles in general such as passenger automobiles including
sports utility vehicles (SUV), buses, trucks, various com-
mercial vehicles, watercraft including a variety of boats and
ships, aircraft, and the like, and includes hybrid vehicles,
electric vehicles, plug-in hybrid electric vehicles, hydrogen-
powered vehicles and other alternative fuel vehicles (e.g.,
fuel derived from resources other than petroleum). As
referred to herein, a hybrid vehicle is a vehicle that has two
or more sources of power, for example, both gasoline-
powered and electric-powered vehicles.

The methods and apparatuses of the present invention
have other features and advantages which will be apparent
from or are set forth in more detail in the accompanying
drawings, which are incorporated herein, and the following
Detailed Description, which together serve to explain certain
principles of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing an exemplary shift control
method for a vehicle with a Dual Clutch Transmission
(DCT) according to the present invention.

FIG. 2 is a graph illustrating the exemplary shift control
method for the vehicle with the DCT according to the
present invention.

It should be understood that the appended drawings are
not necessarily to scale, presenting a somewhat simplified
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representation of various features illustrative of the basic
principles of the invention. The specific design features of
the present invention as disclosed herein, including, for
example, specific dimensions, orientations, locations, and
shapes will be determined in part by the particular intended
application and use environment.

DETAILED DESCRIPTION

Reference will now be made in detail to various embodi-
ments of the present invention(s), examples of which are
shown in the accompanying drawings and described below.
While the invention(s) will be described in conjunction with
exemplary embodiments, it will be understood that the
present description is not intended to limit the invention(s)
to those exemplary embodiments. On the contrary, the
invention(s) is/are intended to cover not only the exemplary
embodiments, but also various alternatives, modifications,
equivalents and other embodiments, which may be included
within the spirit and scope of the invention as defined by the
appended claims.

Referring to FIG. 1 and FIG. 2, a shift control method for
a vehicle with a Dual Clutch Transmission (DCT) according
to various embodiment of the present invention, the steps
performed by a controller, includes determining whether
power-on up-shifting has been entered (S10), performing
torque handover control by controlling a release-side clutch
and an engage-side clutch by repeatedly calculating control
torques of the release-side clutch and the engage-side clutch
over time, when the power-on up-shifting is started and a
torque handover period is entered (S20), determining
whether tip-out is generated (S30) during the performing of
torque handover control (S20), obtaining a remaining updat-
ing time by recalculating the remaining time until the end of
the torque handover period in accordance with a decrease in
engine torque (S40), when it is determined that tip-out has
been generated in the determining of whether tip-out is
generated (S30), and controlling the release-side clutch and
the engage-side clutch on the basis of the control torques for
the release-side clutch and the engage-side clutch that are
made different in accordance with the calculated remaining
updating time during the remaining torque handover period
(S50).

That is, according to various aspects of the present
invention, when engine torque rapidly decreases due to
tip-out that is generated when a driver takes a foot off an
accelerator pedal during torque phase, in which the torque of
a release-side clutch decreases and the torque of an engage-
side clutch increases, so the torques cross each other, in
power-on up-shifting in which the driver shifts to an upper
gear with the accelerator pedal pressed down, it is possible
to stably finish the shifting without shock and vibration
under a sudden situation by obtaining a remaining updating
time that is the remaining time of torque phase for finishing
the torque phase without shock or vibration on the basis of
the decrease in engine torque and by applying different
torques to the release-side clutch and the engage-side clutch.

In the performing of torque handover control (S20), the
control torques of the release-side clutch and the engage-
side clutch are obtained by adding a difference to the control
torques in the previous control cycle.

The difference is obtained by dividing a change in remain-
ing control torque to be changed by the remaining time until
the end of the torque handover period.

The remaining time until the end of the torque handover
period is obtained by subtracting a phase-lapsed time, which
is the current elapsed time of the torque handover period
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from the basic phase objective-time calculated when the
torque handover period is first entered, and the change in the
remaining control torque is obtained by subtracting the
control torque in the previous control cycle from the basic
objective torque calculated when the torque handover period
is first entered.

That is, a controller designed to control the release-side
clutch and the engage-side clutch controls the release-side
clutch and the engage-side clutch by repeating a control loop
with a predetermined cycle. When the torque phase starts to
be controlled, the controller controls the clutches on the
basis of new clutch control torques obtained by setting first
the basic phase objective-time when the torque phase is
supposed to be finished under the current traveling condition
of a vehicle, and the basic objective torque that the control
torques of the release-side clutch and the engage-side clutch
are supposed to reach at the end of the torque phase, and then
by adding changes in remaining control torque to the clutch
control torque in the previous cycle. Obviously, the control
torque is obtained for each of the release-side clutch and the
engage-side clutch and then the control is performed.

For reference, the torque handover period means a torque
phase and an actual shifting period in which the engine
speed is actually changed and synchronized with the speed
of the input shaft at the objective gear, that is, the speed of
the input shaft of the engage-side clutch.

In the controlling of the release-side clutch and the
engage-side clutch (S40), the remaining updating time is
obtained by subtracting an updating objective-torque of the
release-side clutch from the control torque of the release-
side clutch in the previous control cycle and then dividing it
by the inclination of the control torque of the release-side
clutch that makes it possible to prevent a shock due to a
decrease in engine torque by tip-out, and the updating
objective-torque is set to prevent a shock due to the decrease
in engine torque due to tip-out. In an exemplary embodiment
of the present invention, the release clutch inclination of
control torque may be a function of Ne (Number of Engine
rotation) and objective gear. Accordingly, the release clutch
inclination of control torque can be calculated from the Ne
and Objective gear.

In detail, the updating objective-torque is calculated on
the basis of the tendency of a decrease in engine torque due
to tip-out of an engine and a map determined by repeated
testing on control torques of the release-side clutch and the
engage-side clutch at the level of preventing a shock due to
the decrease in engine torque.

Further, the inclination of the control torque of the
release-side clutch that makes it possible to prevent a shock
due to a decrease in engine torque by the tip-out is calculated
from a map determined by repeated testing in accordance
with the number of revolutions of the engine and the
objective gear to shift to.

That is, the remaining updating time in the obtaining of a
remaining updating time (S40) means the remaining time
until the end of a new torque phase considering the engine
torque that rapidly decreases due to tip-out by a driver, and
the fact that shock and vibration can be prevented when a
torque phase is completed within this time has been experi-
mentally verified.

The controlling of the release-side clutch and the engage-
side clutch (S50) includes obtaining a new updating phase
objective-time (S51) by adding up the remaining updating
time calculated in the obtaining of a remaining updating
time (S40) and the phase-lapsed time that is the current
elapsed time of the torque handover period and comparing
the updating phase objective-time calculated in the obtaining
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of'a new updating phase objective-time (S51) with the basic
phase objective-time calculated when the torque handover
period is first entered (S52).

As the result of the comparing of the updating phase
objective-time with the basic phase objective-time (S52),
different control torques are obtained for the release-side
clutch and the engage-side clutch in accordance with
whether the updating phase objective-time is equal to or less
than, or more than the basic phase objective-time.

That is, as the result of the comparing of the updating
phase objective-time with the basic phase objective-time
(S52), when the updating phase objective-time is equal to or
less than the basic phase objective-time, the control torques
for controlling the release-side clutch and the engage-side
clutch are obtained by adding a difference to the control
torques in the previous control cycle and the difference is
obtained by dividing the change in the remaining control
torque to be changed by the remaining time until the end of
the torque handover period.

The remaining time until the end of the torque handover
period is obtained by subtracting the phase-lapsed time that
is the current elapsed time of the torque handover period
from the updating phase objective-time calculated in the
obtaining of a new updating phase objective-time (S51), and
the change in the remaining control torque is obtained by
subtracting the control torque in the previous control cycle
from the updating objective-torque.

The remaining torque phase is finished while the release-
side clutch and the engage-side clutch are controlled on the
basis of the control torque obtained as described above, in
which the control torques are repeatedly obtained until the
phase-lapsed time reaches the updating phase objective-
time.

As the result of the comparing of the updating phase
objective-time with the basic phase objective-time (S52),
when the updating phase objective-time is more than the
basic phase objective-time, the control torques for control-
ling the release-side clutch and the engage-side clutch are
obtained by adding a difference to the control torques in the
previous control cycle and the difference is obtained by
dividing the change in the remaining control torque to be
changed by the remaining time until the end of the torque
handover period.

The remaining time until the end of the torque handover
period is obtained by subtracting the phase-lapsed time that
is the current elapsed time of the torque handover period
from the basic phase objective-time calculated when the
torque handover period is first entered, and the change in the
remaining control torque is obtained by subtracting the
control torque in the previous control cycle from the updat-
ing objective-torque.

In this case, similarly, the remaining torque phase is
finished while the release-side clutch and the engage-side
clutch are controlled on the basis of the control torque
obtained as described above, in which the control torques are
repeatedly obtained until the phase-lapsed time reaches the
basic phase objective-time.

As described above, by obtaining the remaining updating
time on the basis of engine torque decreased due to tip-out
by a driver, by comparing the updating phase objective-time
with the basic phase objective-time on the basis of the
remaining updating time, and by using different control
torques to control the release-side clutch and the engage-side
clutch, shifting is stably performed without shock and vibra-
tion even under tip-out, so it is possible to improve the
commercial value of a vehicle.
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For convenience in explanation and accurate definition in
the appended claims, the terms “upper”, “lower”, “inner”
and “outer” are used to describe features of the exemplary
embodiments with reference to the positions of such features
as displayed in the figures.

The foregoing descriptions of specific exemplary embodi-
ments of the present invention have been presented for
purposes of illustration and description. They are not
intended to be exhaustive or to limit the invention to the
precise forms disclosed, and obviously many modifications
and variations are possible in light of the above teachings.
The exemplary embodiments were chosen and described in
order to explain certain principles of the invention and their
practical application, to thereby enable others skilled in the
art to make and utilize various exemplary embodiments of
the present invention, as well as various alternatives and
modifications thereof. It is intended that the scope of the
invention be defined by the Claims appended hereto and
their equivalents.

What is claimed is:

1. A shift control method for a vehicle with a Dual Clutch
Transmission (DCT), comprising:

determining, by a controller, whether power-on up-shift-

ing has been initiated;
performing, by the controller, torque handover control by
controlling a release-side clutch and an engage-side
clutch by repeatedly calculating control torques of the
release-side clutch and the engage-side clutch over
time, when the power-on up-shifting is started and a
torque handover period is entered;
determining, by the controller, whether tip-out is gener-
ated during the performing of torque handover control;

obtaining, by the controller, a remaining updating time by
recalculating a remaining time until an end of the
torque handover period in accordance with a decrease
in engine torque, when the tip-out is determined to have
been generated in the determining of whether the
tip-out is generated; and
controlling, by the controller, the release-side clutch and
the engage-side clutch on a basis of the control torques
for the release-side clutch and the engage-side clutch
that are made different in accordance with the calcu-
lated remaining updating time during a remaining
torque handover period.
2. The method of claim 1, wherein in the performing of
torque handover control, the control torques of the release-
side clutch and the engage-side clutch are obtained by
adding a difference to control torques in a previous control
cycle,
wherein the difference is obtained by dividing a change in
remaining control torque to be changed by a remaining
time until the end of the torque handover period,

wherein the remaining time until the end of the torque
handover period is obtained by subtracting a phase-
lapsed time, which is a current elapsed time of the
torque handover period from a basic phase objective-
time calculated when the torque handover period is first
entered, and

wherein the change in the remaining control torque is

obtained by subtracting the control torque in the pre-
vious control cycle from a basic objective torque cal-
culated when the torque handover period is first
entered.

3. The method of claim 2, wherein in the controlling of the
release-side clutch and the engage-side clutch, the remaining
updating time is obtained by subtracting an updating objec-
tive-torque of the release-side clutch from the control torque
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of the release-side clutch in the previous control cycle and
then dividing a result obtained from the subtraction by an
inclination of the control torque of the release-side clutch
that provides a possibility to prevent a shock due to a
decrease in engine torque by tip-out,

wherein the updating objective-torque is set to prevent the

shock due to the decrease in the engine torque due to
the tip-out.
4. The method of claim 3, wherein the updating objective-
torque is calculated on a basis of a tendency of a decrease in
engine torque due to the tip-out of an engine and a map
determined by repeated testing on control torques of the
release-side clutch and the engage-side clutch at a level of
preventing the shock due to the decrease in the engine
torque, and
the inclination of the control torque of the release-side
clutch that provides a possibility to prevent the shock
due to the decrease in the engine torque by the tip-out
is calculated from a map determined by repeated testing
in accordance with a number of revolutions of the
engine and an objective gear to shift to.
5. The method of claim 2, wherein the controlling of the
release-side clutch and the engage-side clutch includes:
obtaining a new updating phase objective-time by adding
up the remaining updating time calculated in the
obtaining of a remaining updating time and the phase-
lapsed time that is the current elapsed time of the torque
handover period; and
comparing the updating phase objective-time calculated
in the obtaining of the new updating phase objective-
time with the basic phase objective-time calculated
when the torque handover period is first entered,

wherein as the result of the comparing of the updating
phase objective-time with the basic phase objective-
time, different control torques are obtained for the
release-side clutch and the engage-side clutch in accor-
dance with whether the updating phase objective-time
is equal to or less than, or whether the updating phase
objective-time is more than the basic phase objective-
time.

6. The method of claim 5, wherein as the result of the
comparing of the updating phase objective-time with the
basic phase objective-time, when the updating phase objec-
tive-time is equal to or less than the basic phase objective-
time,

the control torques for controlling the release-side clutch

and the engage-side clutch are obtained by adding a
difference to the control torques in the previous control
cycle, wherein

the difference is obtained by dividing the change in the

remaining control torque to be changed by the remain-
ing time until the end of the torque handover period,
wherein

the remaining time until the end of the torque handover

period is obtained by subtracting the phase-lapsed time
that is the current elapsed time of the torque handover
period from the updating phase objective-time calcu-
lated in the obtaining of a new updating phase objec-
tive-time, and

the change in the remaining control torque is obtained by

subtracting the control torque in the previous control
cycle from the updating objective-torque.

7. The method of claim 5, wherein as the result of the
comparing of the updating phase objective-time with the
basic phase objective-time, when the updating phase objec-
tive-time is more than the basic phase objective-time,
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the control torques for controlling the release-side clutch
and the engage-side clutch are obtained by adding a
difference to the control torques in the previous control
cycle, wherein

the difference is obtained by dividing the change in the 5
remaining control torque to be changed by the remain-
ing time until the end of the torque handover period,
wherein

the remaining time until the end of the torque handover
period is obtained by subtracting the phase-lapsed time 10
that is the current elapsed time of the torque handover
period from the basic phase objective-time calculated
when the torque handover period is first entered, and

the change in the remaining control torque is obtained by
subtracting the control torque in the previous control 15
cycle from the updating objective-torque.

#* #* #* #* #*



